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ABSTBACT ;

Tbis aralysis presents a methodology for exarining a
target's zmotion bistcry to investigate those characteristics
cf target moticn which a trained gunner keys c¢n wken '
selecting shots. Csing this wmethodology a target action
bistcry is examined and the criteria which twc trairced
gunners use to pick sicts are described and compared. The
bit rerfcrsance of each gunner is then modeled estaklishing
a relaticnship Lketween the target's motion and hit ferform-
ance fcr tlese two gurbners.
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Marksmapship is a skill acyuired through learneé appli-
: caticr c¢f fundamental technigues fpeculiar to each weapon )
' target scenario. A rifleman firing offhand at a Lullseye ;;:
practices treath control and an even trigger pull as the
sight reticle dances in small ovals over the tarcet
nirrozing'the movement of the gunner's body. His gcal is to
keep tke reticle moving around the desired impact fpcint. He ' j
knows that he cannot keep the weapon perfectly =still Lut
.practice bas taught bhim to apnticipate the instant in time
‘ when an even delikerate trigger pull and perfect tarcet
> alignxent will occur simultanpecusly. This technigue allcws :fﬁ
>> some exfert riflemen to [place shot after shot irptc the
target as accurately firing cffhand as if they were firinmg
- frcm a Lenck rest. <Scme would credit such performance with
i supertuzen ability but it is ir fact a groduct of ccancertra-
tion and the basic rrinciples of rifle marksmanshif. In
this =sixfle example the gquaner is able to do well because he
_ learns tc judge wher his wmotion bhas characteristics that
i €xperience has taught him will produce the Lest shot grcugs.
Ee bas learred the rules of when to shoot . 1The simfpler the
weapcn arnd the task assigned to it the easier are these

_ Iules c¢f good macrksmanship to catalog and verify. o
f Unfortupately many mcdern weapcns and weafpon systems dc not ;ff1
fall intc this categcry. The principles that 1lead tc the _—
making o¢f an expert gunner who uses a computer assisted S
- leading system and laser range finders all mounted cn a 'itﬁ
f sophisticated platforz and emprloyed against mobile targets E;r
‘ are nct =sc easy to define and harder to verify. Ir many =1

instapces the gunner bimself dces not fully comprehend what e

Frinciples ke follcss to do well, what aspects of target
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3 aoticn he keys cn witen deciding to shcot. The prccedures 4f'j
. fcllcwed Lkerein sugcest a wmethod of doing so. Given an '”;

Ty

accurate vell contrclled experiment with clean relevant data ———
some frincirles of good marksmanship for a complex weagon
can ke irferred and cam be given some degree of credikility
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through statistical aralysis.
The experiment whbich prcvided the tasis for this amnal-

ysis ppitted a trained gunner in an actual weapcr systenm
against a sipulated mcving target. The weapon system used
was a tapk with a lirear lead fire control system which in

theory arrlies gun tube lead against a moving target to - e
3 compersate for target mcticn during the time of fligkt of

1 the rcund. The actual mechapics of this system are ncre

3 complicated than thie and are not the object of the anal- .
Fi ysis. It is relevant in that trained gunners such as thcse - -4
. tsed ir the experiment are assumed to have learned, t¢ scoe Tt
degree, hcocv to use the characteristics of this system to :

achieve tetter hit performance. A goal of the analysis is , ifff
to estallish a relationshir between 1nit performance and s
target zcticn when using such a systen.

Tie target freserted was a laser dot projected onto a
grey screen and moved Lack and <forth on the screem <tj a
goving tarcet simulatcr acccrding to a precise template.

The tezglate or target path is a set of corresponding posi-
tion at time cocrdirates which represent the positicrs at
givep tigses of an actual target as viewed along a gereral ‘ .?
axis cf advance. This fositicn at time plot is derived by R
measuring lateral Jdisplacement of an actual target vehicle . 1
as it advances tcward an okserver. In this coaventicn the ip?
Eoticn of the dot refpresents the apparent lateral mcticn of ; O
the actual target. In the experiment the dcot moved later- L
ally cnly and range did not appear to change although it uas
simulated in the magritude c¢f the lateral motion of the dct.
Specitically, a true change in the lateral positiorn c¢f the
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target of tuenty weters might be represented by wmoving the
dot tern inches on tlke screen at a simulated range cf 1000
n meters versus five irches on the screen at a simulated range
”. cf 20C0 nmeters. Ir either instance the size of the dot
ti would nct ctange. 1te physics of th simylation invclved
hf Erecise curvature of the screen and conversion of  meters

soved Ly tke target to radians traveled on the screen. i’ﬁf
These frccedures are nct uader study and it was assured that |
the @cticn of the dct accurately simulated the arfarent
lateral zotion of a target.

Rith these r[oints in mind one trial of the experiment
can e described as fcllows. 4 gunner is placed in a tark.
Be is tcld that a [cint of light will appear on the grey
screen whkich he views through his target reticle much as cne
would view an oktject through a pair of binoculars. ke is
told tc track the target and to pull the trigger when he
feels Fis tracking will give him the best chaace cf hitting
the target. With these instructions the gunner [Futs his
crosshairs cn the laser dot and moves the crosshairs tc stay
cn the dct which is mcved by the machine as descrited atove. -
According tc his own criteria the gunner periodically fulis
the trigcer, suprosedly whem he feels he has the best charce
cf hittirg the target. A major goal of the amalysis is to
determine if gunners have scme selection criteria in teras -
cf the target motion and if sc to describe it in a usakle -
way.

Fesults from sixteen trials like the one descrilked were
€xamined. BEach of two gunners conducted two trials at four

different ranges presented in random order. For each trial
. the tigzes at trigger full were recorded and a corresgonding
;' prokakility of hit was compujed. for future refererce it is
emphasized that the time at trigger pull has a cne tc cne
correspcndence with the time ip the target's motion history.
By this fact the tarcet motion parameters in the

. 10

.......
----------------- - Calta N N N e
RIS LN P PRt e I PN S S Rl el At Rl S S Y A T I IR A -t
e e e e e N S N

....................




neigkkcrhccd of trigger pulls can be estimated as will be
discussed later. Tke probability of hit was computed as a
rart ¢f the experiment using a tivariate normal distritution —
to acccuant for round to round dispersion.

The motion rfparameters frovided by the experiment were
the first and second derivatives of the position at time
data shich was used to move the target dot. As earlier

stated this positicr at time data has its origir inp the
peasurements taken from the wcovement of amn actual tarcet
i veaicle. 1o clarify this fpoint, picture a target vetkicle
? goving tcwards an olkserver. View this scene from atgve -
overlayipg a fixed cccrdinate system covering the limits of

the vekticle's movement . Lccate the observer on the x-axis
at scme pcint bejond the stepping point of the vehicle where

he car discern only lateral movement of the venicle. let -
the y—-axis represent the distance in meters to the right (+)
cr left (=) of the origin that the observer views the
tacrget. Let the x-axis represent the corresgonding tige in
seconds at which the fposition observation occurs with time —
zero teing the vehicle's starting point and time final lteing -
the vebicle's stopping point. Using this scenaric reccrd ' ﬁ&ﬁ
the fpcsition of the target vehicle at discrete time pcirts ﬁ}}
and ycu will have drplicated the raw data which fcrmed the e
Lasis fcr the movement of the target dot. The actual fosi- :
tion at time data used in the exreriment was a refined fcrm o
¢f this raw data consisting of a position measurement every
«01 secord. A graghical [plet of this data is shown at
Figure 1.1 . Bear ip mind tbat this plot represents over
<1500 data roints. Jo picture what gunners in the experi-
gent ckserved nold this graph canted at eye 1level and lcok 3};
toward tie crigin frcs the end of the x-axis. Now visuyalize '
this gragh collapseé onto the y-axis and the [circts

presepted cne at a time in prcper time seguence as a foint D
cf light c¢n a grey lackgrcund. What you would see is a

T
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point cf light mcving back and forth with varying rangeés of
motion . This is vhat gunners in the experiment observed as
the tarcet gotion.

The apparent velccity of the target dot was ccmputed by
the e€xperiment as tle first derivative of the G[pcsiticn at
time flct. The mathezatics of this computation are relevant
to understanding the analysis. Given n position measure-
ments and o correspording timzes the difference between fairs
cf adjacent measureaments was coaputed. These computaticns
give (r-1) «changes ip positicd over a corresponding change
in time wbich allcw coamputation of the instartarecus
velocity estimates fcr the fpericds covered, each of which is
«01 seéccnd in lengtt. The actual velocity estimates are
centered, equally weighted, 31 point averages of the
velocity estimates surrounding any given point. Using tbhis
methcd <¢f computaticn (n-31) velocity estimates were
computed. A graphical representation of the target velccity
computed by the experiment is shown at Figure 1.2 . As tbis
graph sacus, the velccity ccrruted by the experizent was
signed regative dencting right to left crossing cf the
target dct and [positive depoting left to right cressing of
the target dot. The absolute value of this velocity repre-
sents truve velocity ard is shcwn at Figure 1.3 .

Tte target's true acceleration was computed as a part of
the apalysis as the first derivative of the target's true
velccity and is showsr at Figure 1.4 . The derivatica of
this data is addressed in the methodology secticr wunder
moticr fparaseters. Acceleraticn as computed for the exgeri-
gent sas nct used as it did not readily correlate to
convepticnal notatior of vehicular acceleration.

Ip summary the <¢aperiment pits two gunmers in a series
cf siateep trials against a fpoint target whose moticr fparaa-
€éters car e accurately established. The experiment recoids
the time cf trigger r[rulls and accurately estimates the
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gunners' performance at each event. Using these times the

sotiop rarageters in - the neigbborhood of trigger [fulls can

te determined. Since the only stimulus is the moticmn cf the e
target dct it is assumed that there is some characteristic :
goticp which motivates the gunmer to shoot. The apalysis R
seeks tc verify cr refute this assumption . If the analysis , Zﬁ :
 suppcrts the assumpticn then further effort will e made to el
define what characteristics of target motion motivate the ‘
gunne€r t¢ <shoot. In addition the apalysis will seek to
estaklish a relaticrship or lack thereof between the

gunners' performance and the target motion at trigger full. - =
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II. ANALISIS METHODOLQGY

A. CEGANIZATION OF 1EE DATA FCR ANALYSIS
1. PMotion Parameters

1he data prcvided by the experiment relatipng to
target acticn consisted of a time, [position, and velccity
data vector each containing 21540 elements. There is a cne
to one ccrrespondenceé between vectors. If the first element
in the time vector is .25 seccnds then the first elemert in
the pc¢siticn vector is the target position at .25 seconds
and tke first elemert in the velocity vector is the target
velocity at .25 seccnds and sc forth for each successive
€lemert in each vectcr. It is emphasized that all mction
farameters are the afpparent motion as cbserved Ly the
gUnDEr.

The velocity vector was coamputed by the experiment
as [previously descriked. Fecall that the experiment
frovided a signed vector with the sign indicating the
crossing direction <¢f the target. True velocity was
ckttained as the absclute value of the signed velocity. TIrue
acceleraticr was obtained as the first derivative <cf true
velocity. The frocedure followed in this derivation dupli-
cated tke procedure used in the experimeant to take the first
derivative ¢f thke pcsition vector. Given n estizates of
true velccity the difference letwveen adjacent estimates was
coaputed. These changes in velocity divided by tte ccrre-
sponding change in tize provided (n-1) estimates of
instartarecus acceleration. Tbe actual estimates for accel-
eraticn used in the analysis vere 31 point, centered,
€gually weighted averages cf the instantaneous estizates
surrccnding a given time. Under tais method (n-31)

1€
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estisates fcr acceleération were coamputed. The resulting

true acceleration vector was signed [positive to dencte rate _
I cf ipcrease in velccity and negative to denote rate cf o~
decrease in velocity cf the target. This vector additicao-~ ]
ally retained a onme to one «correspondence with the ctler :
motion farameter vectcrs. As a ainor point the derivation
frovided nc estimate for tke first sixteen or the 1last
fifteen tize periods. This frcved inconsequential as the
fericds sere short with duraticn less than .16 seccnds and

-l-‘ PARRC e

no okservations cccurzred near then.
1he ma jority cf the apalysis vas concerned with the
true velccity and acceleration of the target versus tige. A

B 1. B

segmert c¢f the estimates used for these values is shcwuwn at
Figure 2.1 . It can tke seen in this plot that the estizates
used are reasonakly accurate and conform to expected conven-
tion. As the velocity estimate increases the acceleration

estimate regains positive. When the velocity estimate [feaks
o and has zerc slofe tke acceleration estimate approachbes zero
i as expected. As the velocity estimate decreases the accel-
. €raticn estimate remains negative. Extensive apalysis and
2 fitting cf these vectcrs, or curves as shown, night iszgrcve
X their accuracy amarginally lut the analysis [froceeded under
I the assuaption that they r[rrcvided sufficiently accurate
estimates cf the tarcet's true velocity and acceleraticro.
In summary, the moticb parameters used in the anal-
ysis sere signed velccity, true velocity, and true

'Y acceleration. It is again emprhasized that these values, in
R vectcr fcrm, refreserted the apparent motion as observed by
. the gunner. Each vector consisted of 21509 data elements
f with a cre to one correspondence to the time vector. Dnder

E this ccnvention any given time of a trial could te matched
' with a corresponding estimate for signed velocity, true
-. velocity, <¢r true acceleraticn for the target at that time.
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2. Gupper Data

The data prcvided Lty the experiment included the

time at trigger pull and a corresponding proktability cf hit b
for sizteen trials. Each gupner conducted two trials at ’ S
four different ranges giving a total of 295 oktserved trigcer EtTi
pulls as sugmarized at Table I . In addition to the data e

provided ty the experiment, the target moticn at trigger
Full, at the time the gunner made the decision to shcct, and
during tlke time the gunner fcrzulated the decision tc shoct,
vere derived from the motion parameter data vectors.

‘ o
TABLE 1 7= ;
Lata Organization |
S
Trial Gunne€r Range (Meters) Observati ons e
1 1 1000 22
i 1888 1
4 1 2080 29
5 1 25090 17
6 1 2500 25
7 1 3000 18
8 1 3000 21
9 z 1000 16
10 < 1000 19
11 < 2000 16
12 < 2000 17
13 < 2500 13
14 < 2300 17
15 < 3000 14
16 < 3000 15
Total Cbservaticns - Gunner 1: 168
Tctal Cbservations - Gunner 2: 127
Total Olkservations Gunmer 1 & 2: 295 '
Note: Trial pumbers are for reference only and d¢ not 7_'?
indicate the order in which trials were conducted. SRR

L - -
l1te motion parameters of the target at the time of :

trigger pull vere extracted directly from the data. Since 1;;
v
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there was a one tc cne <correspondence Letween the time
vector and the @moticr parameter vectors a selecticn vector
could le created which would select data elements frcr the
moticn vectors rased on times or positions in the time
vectcr. Fcr example, if the gunner pulled the trigger at
€21 seccnds and 15.31 secconds these represented positicn
€21 apd 1531 in the time vector. Element 521 and 1531 could
then be selected from the motion vectors to give the
target's mction parameter values at these two trigger pulls.
Because cf the size c¢f the vectors involved a prograz, shcun
at AFFENLCIX A, +sas sritten tc create the selectichn vector.
Using tke selection vector method the signed velocity, true
velocity, and true acceleraticn at the time of trigger pull
for each trial wvere selected directly from the apfprogriate
vectcrs. For the =sake of exactness it is ogpoted that orly
the signed velocity was actually extracted using the selec-
tion vectcr. Bere, as thrcughout the analysis, true
velocity was obtaine€d as the aksolute value of the sigred
velccity when peeded. This fpoint will not be reiterated ktut
applies whenever true velocity is addressed.

1he motion fparameters of the target at the time tae
gunnexr 1xade the decision to shoot were derived frca the
moticp paraseter vectors. Research in the human factcrs
field ipdicates that a subject faced with a visual stimulus
with little noise and a go/ no go decision has approximately
a .2 second delay Letween the decision to act anéd manual
executior c¢f that decision [Ref. 1: p. 198]. These are the
conditiors faced by the gunpers in this exreriment. Taking
this irtc account and alloving fcr some variatiom a grogranm,
shown at APEFENDIX A, was written vhich selected values fica
the desired motion +vector during the period .18 tc .22
seconds prior to each trigger pull and computed the average
cf these values. Tbis average value was then used as the
€stimate fcr the particular motion paragseter in the

2¢
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peigtkcrbccd of the decisior pcint to shoot. 1In this zanper
the estizates for tle target's true velocity and accelera-
& tion at the time of decision tc shoot were derived frcr the
data for e€ach trial.
The target's motion during the time the gunner was
formulating the decision tc¢ shoot was derived in a sinilar
. Zanner. A subject faced with a continuous visual stimulus,
' such as a w@oving target, can sample from the stimulus
approxizately once every half second [Ref. 2: pp. 61-63).
Thus, what an cbserver interfrets from a visual stizulus
will ke a function cf snapshots taken in half seccpnd wirdcws
cf tize whbich will bereafter ke called saampling windowus.
Using this tasis the gunpners*' sampling windows were defired
as half second tize segments begining .2 seconds [fricr to
trigger pull. In this convention samgle one was defined as
the pericd .2 to .7 seconds pricr to trigger pull and is the
last sanple the gunner took gfrior to making the decisicn to
shoot. A program, <chown at APPENDIX A, was written which
selected values from the specified motion vector durirg any
half seccnd interval specified. The program averaged these
values and this average provided the estimate for the szction
rarameter during the sample windov specified. Using tkis
frocedure estipmates for the target's true velocity and
acceleraticr during the four sample windows pricr tc the
decisicn tc shoot were derived for each trial. These esti-
mates were assugzed tc be the last four saamples cf the
target's mction which the gunpner observed prior tc making
the decisicn to shoot.

These are ip summary the procedures used tc ccgpile )
vhat is called the gunner data. To recap, the gunrer data ‘“f{“
consists of the follcwing. o

KT

(1) lime cf trigger pull.
(2) Erctatility of hit at trigger pull. L
(3) 1be target's true velocity, signed velocity, and true fT}ﬁ

acceleration at the time cf trigger pull.
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(4) 1The target's true velocity and acceleration at the time 3
the gumnner made the decisiocn to shoot. }
(5) 1he target's true velocity and acceleration during ttle fiij
time tke gurner fcrmulated the decisicn to s hoot.

3. Mction P

1he sample space for the analysis of target mcticn

is defined as all 215(9 estimates of target motion. An esti-
gcate c¢f target moticr in this context refers tc¢ the two
dimensicral parameterization <c¢f the target motion for any
given irstant in tige covering the duration of the trial. )
The tuc digensicns refered to are velocity, (signed cr true) N
and true acceleration. Osing this definition the distriku- f
tion cf the target zction can ke plotted in two dizersicns a; i
as skcwr at Figures 2.2 and 2.3 Each of these [lcts _e

consists of 21509 rcints and in an abstract sense ttey
represent the dersity of the target motion which tke gunner
cbserves. Looking at Figure 2.2 each point on the plot
estimates the target®s true velocity and acceleratior during
.01 seccnd cf the total time history of 215.05 seconds. To
expand this concept consider all the points in the sgquare
labeled 2 cn the flot. This sqguare will hereafter ke
refered tc as a cell ¢r uwmoticon parameter cell. Assume jyou
count the total nuamker of [roints in this ce€ll to Lke 4(7.
Since you krow there are 21£509 total points jyou can ccmpute
the propcrtion that are in cell A as .0185. VYou can further
state that the target displayed motion with veloz ity Letween
10 and 12 meters per cecond and deceleration between 2 and 0
meters per second sguared 1.€5 percent of the tizge. In
general, the denser the plot the more the gunner ckserved
that rasce c¢f target sction. Ey grouping all the twc dimen-

sional estimates for the target motion into «cells with
toundaries cf velocity and acceleration, the target action o
¢an ke guantified. Using the same procedure for cnly the :

r
, -
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e
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target mcticn at gunper selections the target motico ir the

neightorkccd of trigcer pulls cam be analyzed using several _
statistical techniques. A program, shkown at APPENDIX A, was -
writtep which ccmfputes the cell counts for any selected

toundaries of velocity and acceleration. This prograz was

used tc ccopute the @mctior frarameter cell counts for the

sample space and the gunners' selectioans. S

E. ABALYISIS OF TARGET MOTICH

1. Ist shing Cunner Selection Criteria

-l S Gy S D e R At > ——

The first step in the analysis of the tirget mcticn
was tc determine if tlere was statistical kasis fcr stating
that tle gunners had any selecticn criteria at all. 1To do o
this, tle assumfption was made that the gunners' selecticns -
were rapdca. Given this assumption certain characteristics

rrr ﬁy‘rvv'“;"-'v_r" "

should appear in the cbservations, the existence <¢f which

can ke tested using statistical procedures. If these charac- .
teristics dc not aprear then there is basis for assuming e
that thke gunners' selections are not random but selective.
This @methcdology was applied to two contexts of target
potice.

First, the analysis examined the gquesticn cf a ———
selecticn preference in the crcssing direction of the tarcet -
which was specified by the sign of the signed velccity }f§
vector. Through a counting process the propcrticn of
€lements in the signed velccity vector less than zerc was

determined to be p=.506. This gives the proportion c¢f time
the target crossed right to left, The progportion of time
the target crossed left to right is (i1-p) = .494 . Using

these gpropcrtions tke observed and expected values for
gunneéxr selections could be ccampared as shown at Takle II .
With the exception ¢f the first trial at 2000 «geters for
Gunner cpe there aprears tc Lte no crossing pr2ference for
€ither gumner. All trials were tested against the

25
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assumpticn ¢£ nc preference using the test of progorticas
(Ref. 3: Fp. 528-534]. With the exception of tae one trial
poted, the results ipdicate no preference in crossing direc-
tion fcr either gunrer with alpha egual .05 . Based on
these results further analysis assumed no preference in
crossipg directicn.

TABLE 1I
Crcssing Preferemnce Data

Total bs.(Exp Obs.(Exp.{
Gubner Eange Obs. 1gnt-Le Left-Righ
1 100 22 1 11 9 (11
1 1000 1€ € 8 e 8
1 2000 <C s (16 1S (10
1 2000 29 1Z {15 17 (14
1 <300 17 8 9 9 8
1 2200 28 11 (13 14 (12
1 2500 18 € 9 10 9
1 2500 21 9 (11 12 (10 |
< 1000 1€ € 8 10 8
< 1000 19 10 (10 9 9
< 2000 16 é 8 8 8
4 2000 17 £ 9 9 8
< ;goo 13 7 7 € 6
b 2500 17 € {9 9 (| 8
2 3000 14 8 1 € 7
< 3000 1¢ 8 8 7 7
Sage éata - ccembining trials at the same rang2 1
1 1000 33 21 (1 17 (19 ]
1 <000 43 12 fs 32 (24
1 2500 42 19 (21 23 (21
) 1 2500 3s 17 (<0 22 (19
p: 1000 35 16 (18 19 (17
H 2000 3 16 (17 17 {16
z 2800 3C 1§ (15 18 (15
F 3000 29 16 (15 13 14
Sagze cata - comabiring trials for the same guanner
1 ALL 16E 74 S 4
b] ALL- 148 69 55 2 93
z ALL 127 63 (63

Ncte: All- excludes the first trial at 2000 materzs. ]

T,




Tke second okjective relating to selecticn criteria
was tc assess whether the gunners had any overall rreferepce
in target @motioa. Iid they screen out certain ranges of
sotion ard look for cthers as they engaged the target? 1This
gquesticn vwas addressed by grcuping the gunners' selectichns
at trigger rull and the sample space into motion parameter
cells and ccmparing tke two distributioans. In this gzapper
cne cculd ckserve the proportion of selections by the gunper
in a certain range c¢f moticn against the proporticn of
cpportipities availaltle and assess whether or not an overall
difference exists. Eecause <cf the small sample sizes for
individual trials this portion cf the analysis was ccpnducted
in tw¥c stages.

In the first stage the observations for each trial
were ¢rouped into the motion f[farameter cells shown at Takle
111 . A subjective analysis of this data suggests no
sigpificant difference between trials at the same range or
tetweer ranges with the same gunner. There appears tc lLe a
significant differerce between the two 'gunners however.
This aralysis was confirmed using a contingency talkle test
[Ref. 4: pp. 153-170). The bhyfpothesis of no interacticn due
to trials with the sase gunner could not be rejected. 1he
hypotkesis cf no interacticn due to trials between gunners
4as rejected at the .05 level. Based on these results it
was assumed that trials within the same gunner cculd be
combiped with no significant degradation in the validity of
the ampalysis. These results advised against any analysis
tased on trials combined betweenm gyuaners.

In the second stage the combined observaticms c¢f all
eight trials for each gunner were grouped into the mcticn
parameter cells showr at Table IV as were the observatichns
for the total target motion. Reading the table ncte tkat
cell A fcr Gunner 1 has an entry of 6 for the exgected
punker of shots. This value is computed as the product rf

29
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where n is the total number cf shots taken and p is the
Eropcrticn cf tipe tie target displayed motion delineated by
cell 3. If the gunner's shcts were ramdoa wve would expect 6 —
to cccur in the rarge of mction delineated Ly cell A.
LKeadipg down the column we see the actual numkier okserved in
cell 2 at shot is 4, at decision is 2, during the first

sample windcw prior to decision is 0,and so £forth. This T
data sucgests that gunners do have a selection metkod
Lecause thkeir observed choices differ substaotially frcz the
expected number of chcices fcr several cells. These cverall
distrikutions were «ccmpared to see if they were tke same
using tie Chi Square Goodmess of Fit test [Ref. 4: EP-
189-1S9]. The hypcthesis that the two gunners randozly
selected tiges tc shcct from the available opportunities was
rejected, fcr each gurner, at the .05 level. Ip additiosn, S
the hyrothesis that Gunner 1 selected times to shoct ir the
same kays as Gunper < was rejected at the .05 level. Eased
cn these results it was assumed that gumners do have a
selecticr method and that there is a difference ir metkod e
tetween the twc gunners.

<. Characterizing Target Motion S

Having estaklished evidence that gunpners dc have
some selection «criteria, graphical analysis backed up by
statistical testing wiere feasible was used to clarify wtat
it is. The graphs shown at Figures 2.4 and 2.5 =show the
target mcticn in the neighborhcod of trigger pulls. Viewing
these c¢rarhs in sequence frcm sample 4 to 3 to 2 to 1 to -
decisicn tc¢ trigger pull re-creates the overall spapshcts
allegedly taken by thke gunner during the 2.2 seccnd tirme
history leading up tc trigger pull. The graphs suggest an
cverall cecrease in target acticn during the time leadirg to ~w3;j
trigger pull. The decrease in velocity is not so clear tut o

the acceleration changes dramatically from positive to
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TABLE IV
Comparison of Distributioas
Gurper Selections verses Total Target Mot icnh
Gurner 1 A B 33t1°2 Pagameéer EellI Jd K 1
Expected 21 S 37 12 2 43 13 3 5 2¢ K
Cfsezyéd -~ — — — =~ — — —™—= = = =T == ‘
At Shct 4 2 2 41 10 1 28 19 4 7 38 12
Decision 2 2 1 33 3 39 24 4 1 40 1¢
| sasplet 0 3 1 30 13 2 44 27 8 1 29 1¢C
| sasple2 0 6 3 22 27 9 47 26 12 1 1z oz
Sasple 3 0 22 10 22 24 10 44 15 4 2 3 «
| samgles 1 49 1z 32 17 2 35 9 3 2 4 :
Gurner 2 A B o D E F G H I J K 1
Expected 4 16 2 28 S 2 33 S 3 4 15 <
{ Ciexveéd ~—- - — —_— - — — —&™—m = = T— —
At Shct 1 7 10 12 8 18 15 8 0 <8 1¢
Lecisicn 0 7 14 5 21 13 13 1 28 1¢C
Sagple 1 0 15 5 8 14 6 17 18 17 3 1€ €
| Sagple 2 1 24 7 9 2z 12 1 12 10 0 10 4
Samgle 3 3 37 13 13 23 5 12 9 7 0 3 Z
| sasple 4 1 48 13 18 15 3 10 8 6 1 2z 9z
. [ ) ‘
I Cell Vel. Acel. ! !
] 3 0 -1 -6 to -1 o ! !
E 1 -3 -6 to -1 Al B I c
C 3~ 13 -6 to -1 [ '
L 0 -1 -1 -9 ! !
E 1 -3 -1-0 S e
T e B e ——
B 1-3 0 - 1 O
1 :~-13 0 -1 | 1
i 3 0 -1 1-6 oo
K 1-3 1 -6 YooK
{ I 3-13 1-6 1
J ° ) VELOCITY ’ N

'
“od

ot e
l' . l' -' ’*
J A B o Lak
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pegative as trigger pull apprcaches. In real teras ttis
suggests that the gurners 1lcok for points wher2 the target
i speeds up and then slcws down taking the shot as the tarcet
apprcaches 2ero acceleraticn ¢r as it decelerates. Tbis
implies that gupners may be trying to match trigger fpull
- with e€itber cobnstant velocity, 2ero target motion, c¢r kLcth.
. To identify tte specific ranges of motion fpreference
for €ach gunner the rroporticn of total target moticr for
€ach mcticr parameter cell was compared against the frcper-
: tion selected by the gunner using the test cf propcrticrs as
: outlined in Duncan. As an exagple, the pumker of selecticns
in cell 8 Ly Gunner cne at trigger pull is 38 as shcwn in
Jable IV . The fropcrtion cf gunner selections ia this cell
is then 38,(168 = tctal selections) or e = ,226 . The
FTOFcIticn cf total target moticn in this cell is p = .11§ .
The lypothesis that | = é‘is then tested and rejected at the
«05 level indicating strongly that the proportion cf selec-
tions in ce€ll K Ly Gurner <cne is higher than expected. It
is igpcrtant to note here that gunner selections are assuamed
to be inderendent rexembering that junners did not have to
make any selections. Gunners were tcld only to track the
target and shoot wher they felt they could hit the target.
Using this procedure each ce€ll for each time G[pericd frecnm
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trigger pull to sample U4 was examined to detarmine which
cells bhad selection ccunts higher or lover than expected at

the .C5 level or less. Figures 2.6 and 2.7 show the results X
cf tlese tests. Fach figure shows regions <¢f action .3
=z selected acre than exrected as shaded areas whil: regicns of ~
5 soticn selected less than expected are shown as crcss o
-. '\ >
- batched areas. All cther areas had che expected nuaker of i
i selecticns. Both gunmers avcid sharply increasing target ]
o goticn and to a lesser degree sharply decreasing tarcet ~
. soticn. Becth gunpers give strcny evidence of 1lcoking for -ﬂ
Zf the target to dscelerate or for acceleraticn to afproach f?f.
]
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2ero. Several differences Letween the two Junners are also
evident. Gunner 2 tas fewer shots than expected in the
peigbkcrbocd of 2zerc motion. Guoner 1 displays ttis
tendency rut to a lesser degree. In addition, Gubner 1 has
a nariower range of rrefered motion than Gumner 2.

The boxplots at Figures 2.8 through 2.13 clarify
these stategents further. In each of these figures the
distrikuticn of the fparticular parameter is shown in tcxplot
format. [Gef. 5: pp. 58 - 62]. The box encloses rougkly
the izterquartile ramce of the data with a circle indicating
the wmean and an asterisk the median. The X at thke erd of
the whiskers indicates the main body of the data, affproxi-
mately S5 fer cent, while circles bDeyond the X indicate
cutliers. Figures 2.8 and 4.9 show the distributicn of
acceleraticn for Gunner 1 apnd Gunner 2 resgectively. These
indicate that bcth cumners 1lcok for target acceleration
follcued Ly deceleration during the time leading up tc shct.
Figures 2.10 and 2.11 show the distribution of velccity for
toth ¢unrers in the same format. During the period leading
to trigger pull for Gunner 2, target velocity remains fairly
constant with a slight increase followed by a slight
decrease as trigger fpull approaches. Gunner 1 displays a
greater tendency to lcck for Jdecreasing velocity during the
time preceeding trigger pull but the large nuazker of
outliers irdicates that this may not be a very strcng
criteria ry itself. Figures 2z.12 and 2.13 show the magri-
tude c¢f moticn in tle neighbcrhood of trigger pull. This
tern is sorevhat contrived Ltut logicaily so. The aksclute
value c¢f acceleraticr plus the velocity cf the target are
summed tc give a relative indicator of how wuch mcticn the
target displayed at a given time. By combininyg these two
variatles in this way motion will appear large if either
velocity or acceleration is high and larger when Lcth are
bigh.
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There is a «clear terdency fcr bcth gunners to see€k recuced
target zcticn, in this context, at trigger pulli. Gunrer 1
appears tc set tighter 1limits can how much motios he will
allow tut las a larce numler of outliers indicatirg there
may re€ additional criteria cther than strictly target mctico
shich influence bhis decision tc shoot.

Figure 2.14 shows the [ferformance for both gurprers.
Gunpner 1 made 168 shcts, giving 168 values for PV, his frckt-
ability cf bit. Gurrer 2 made 127 shots, giving 127 values
for Fz, bhis prcbability of hit. One can then dercte the
propcrticn cf P1 or Ez values less tham or equal tc p fcr :
kLetween zerc and ore inclusive. The proportion o¢f shots
falling at or below any given value of PHIT can Le deter-
nined frcm Figure 2.14 by picking a point on the [flct and
reading the progrorticn from the y-axis coordinate anc¢ the

FHIT value from the x-axis cocrdinate. In this mapner the
! dotted lines on the figure shcw that 50 per cent cof Gunrer
1's shots yield a PHIT value at or below .33 and 50 fer cent
ii cf Gurpnexr o's shots yield a EHIT value at or oelow .2z .
The fplcts and the statistics shown indicate that Gunrer 1 -
cshoots mcre ofter and dces a =ligntly better job c¢f picking

. shots. Gunner 1 <chows a smnaller fproportion of shcts
- achieving lcw PHIT values.
In summary tke selection criteria can be =stated as

follcws. Ecth gunners look fcr decreasing motion ip jereral
and deceleration cr acceleration agpproaching Zerc in

{. specific. There is a slight tendency <for Gunner 1 tc lcok
for decreasing velocity, less so for Gunner 2. Both gunners
screen cut sharply increasing or decreasing noticn. These

o stategents are strorngly suppcrted through statistical and

- graphical aralysis. As an intuitive observation, Gunrer 1

seens tc articipate target Rotion better tham Gunner 2
€nabling more of his shots to fall in the neighbcrhccd of
2erc tarcet moticn.
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C. BCDELIBG GUNNER EFERFORMAMNCE

least squares multiple regression was used to explcre
the relaticnshir between FHIT and the moticn [farameters.
PHIT was trecated as the dependent variable and true velccity iiiﬁ
and acceleration were used as the <carrier or explanatcry -
variakles. A constart ternm was used in all cases since it

#as assumed that the gunners would achieve some level of
FHIT creater than zerc yiven a stationary target. The vari-
able definitions shcsn in Takle v will apply heuncefcrth. o
Exparnding cr this tatle, X represents the vector of indepen- ;f}j
dent varialles each Leing a vector with the same dimersion
as PHIT, the dependent variakle. X0 is a vector of cnes for
the ccnstant ters in the regression. X1 might be V fcr the S
velocity associated sith each FHIT value. X2 might ke A for R

the acceleration asscciated with each PHIT value. X3,
i4,... 3N would be cther functicns of the motion farameters
associated with eack FHIT value. BETA is the vectcr of
coefficiepts with EETAQ Ekeing the coefficient of the
constant ternm, BETA'Y being the coefficieat for X1 ard so
forth for each inderendent variakle.

TABLE V¥
Variable Definition fcr Regression Models

Derendent Variable: PHIT Erobability of Hit

Inge;endent Variatles: X = X0 or X1 or ... XN =
XIC = I = A Vector of Ones L
Irue Velocity Vector L

Iruve Acceleration Vector

-3
[]

ficients: ..
A = EETAO, BETIA1,...BEIAN = Coefficients Vectcr
20 = C = Constanf Tern :

y |

Ccef
EET
EE1

4€
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Since previous aralysis ccnsistently indicated differ-
€nces Letween gunne:s.each gunner was modeled separately.
In an iterative manner various combinations of the carrier
variakles vere examined in an effort to discover a sizple
model which would prcvide a reasonable predictor cf EHIT in
terms ¢f acceleraticn and/ or velocity. Initial efforts
with linear and polyncmial models yielded fpocr fits. Itis
Frecluded thke sigplest of sclutions but was expected sipce
these fcrms do not ccnsider the constraints imposed Ly the
data. EHIT is <constrained to 1lie between =zero and cae
inclusive. These mcdels allcw the predicted PHIT tc assume
values cutside this range. Logistic wmcdels represent a
family c¢f models which satisfy this constraint and the
linear lcgistic model is perhais the simplest way to
represent the dependence <¢f a probability on explanatcry
variatles sc that tke constraint of lying between zerc aad
cne ipclusive is satisfied [Ref. 6: p. 18]. This sodel is
defined at Equation 2.1 and was used with good r2sults.

~

log (EBIT/ (¥+PHIT)) = X x EETA (egn 2.1)

HFefering to Table VI a 1more detailed explana tion cf the
iterative [frocess used will <clarify the results waich
fcllcw. Ccluan one in this table indicates the iandererdent
variakles fcr the particular model while column twc indi-
cates tite variakle ccefficient as coamputed by the 1linear
logistic regression. Columns three and four p[provide the
I-statistic and thecretical T-value used t> test the
hypothesis that the coefficient is zero with alpha egual
-05. Ccluszn five ipdicates the F-sigpnificance (1-alpha) of
the regression and cclumn six indicates the percentage of
variatility explained ty the regression. Of general note is
the * cperator used lere and elsewhere to denote expcnertia-
tion, for example, A*:Z means the sguare of A.
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least sguares regression using the linear logistic model

shown at Equatiopr 2.1 with the explanatory variables shcwn oo
in cclumr cne yieldeé the statistics shovn in Table VI . -
lookirg at the first model for Gumner 1 it is readily :
apparent tkat velocity has little effect as a fredictor
variakle. Looking at all the models for Gunner 1 the Ltest :
overall aprears to be the last model. The carrier variatkle Y
in this @mcdel demonstrates ncnzero effect and variability .
explained Ly the model is high at .881. This zcdel uas
arrived at by elimirating carrier variables shown to have
little effect in previous iterations. As an exanple the -
first mcdel gives a Lkigger R*2 value because it has mcre
terns. Io this model the V and V*2 terms demponstrate no
significant effect ard can be removed with little effect.
The =saze¢ frocedure was used for Gunmer 2 «coincidentally -
arriving at a sigilar rest fit mcdel in terms of the carrier iéjj
vacriakles. These gcdels suggest that acceleration has a e
significant effect on the variability of PHIT at this rarge
with deceleration having a greater effect for Guoner 2.
This effect is diminished for acceleration less than cre and
anplified fcr values greater than one meter/second-sgquared.
The fact that velocity had no discernable effect azcng all
the &podels examined is [ferbaps more important. This
suggests that the system filters out the effects of velccity
cn PBIT at thislrange. The system is supposed to do this
tut the analysis now frovides objective testimony suggesting
that it does.

A sigilar apnalysis wvas conducted for each gunner at each
range with the results shown at Table VII . These represent
the test mcdels for each range and were olktained through
iterative aralysis «<f varicus combinations of the carrier

Al

e
bt d 2 L

variakles V and A. These models imply that the system dces —;:j
not filter cut the effects cf velocity as well a1t increased 31?}
range as evidenced Lty the emergence of velccity terms as jﬁfﬁ

50
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significant at longer ranges. Comparisoa of ¢t hese tcdels
shows Gurper 1 tc he gmore affected by velocity thap Gunper 2
i and Guynner z to ke less affected in yeneral by target mcticn .
than CGunrer 1. The different effects of velocity cn Gunrer
1 were clarified somewbat by e€xamination of residuals whica
: showed ©mcst outliers to lie at higah values of velccity. e
' Lookirg at figures 2.10 and 2.11 ve see that Guaomer 1 had a » ;fpl

fair numler of fliers with velccity in the range c¢cf 8 to 12 1
geters/seccnd while Gupner 2 had none. The jJreater effect
could tlerefore be explaipned by the <fact <that Gunmer 2
screeped out the catse in selecting when to shoot whereas

Y

Gunner 1 did not. §ith the exception c¢f the trials at 2000
meters Gunner 1 seegs to be more affected by target mctico
than Cupnrer 2. The lesser imputed contribution of tarcet
» poticp towards variakility of PHIT for Gunner 2 has no .
apparent, cogent explanation in the data. 1t dces suggest
that cther factors ©oct considered such as tracking albility
and mctivation may have greater effect on Gumnner 2 than on
Gunner 1. R
T¢ unify the description of [probability cf hit fcr Lkcth -

) e

: gunners cver all rances a cconcn nodel was selected fcr all
? ) the cases. This mcdel includeés both A and A*2 as carriers _
i for Lctk gyurmers. Table VI1I provides a summary for bcth s
gunners. From this it can Le seen that the majority cf the
variakility in PHIT caused ky target motion is exfplained by
acceleraticno. For kcth gunners at all ranges the A*2 tern
) is a significant detractor frcm perfcrmance. This sould
) indicate that bigh values of acceleration or leceleration -
tave a detrimental effect om FHIT while values less thar cne .
have little effect. 1he emergence of the A term as
; sigpificant at 3000 meters suggests a greater effect of
deceleratior and samaller values of acceleration at this
range fcr Gunner 1 and at all ranges for Gunner 2. This
judgesent is partially explained by both gunners' [rcfensity
) to select zcre in this range.
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Figures 2.15 and Z.16 shov these logistic models plctted
in the applicable rarge of wcticn for each gunner. These
[lots were constructed by sclving for p 4in Equaticn <.1 -
giving ar equation fcr p in terms of acceleratior ané the
regressicon coefficiernts. Usirg the regressicn ccefficierts
in Takle VIII p was thepn plctted over the range of accelera- ) ..
tion <ckserved by tle gunner giving the symmetric, tell o

shapec crrves shcewn. These models indicate a parrcw rarnge

cf acceleration withir which any appreciakle chance «cf Lit

: can le expected. The band width of acceleratict witkin .

k: whiclh hits can be expected generally decreases sigpnificantly -

East 1000 meters and is considerably wider for deceleration

for Gunner <. Gunner 1 aprears to be equally sensitive to

acceleration and deceleration since his fitted curves are

Fretty well centered at acceleration equal to zero. -
Exagination of residuals for these models shcwed an

irregular <cyclic [attern which on closer exagiration
follcwed tbe increase and decrease in target motiot. 1Ir the :
hopes c¢f achievirg a better fit with this model the target —

goticn data was sectioned intc ocne of three categcries cof
ji change, deéfined nomirally as slow, medium, and fast. The
- selecticns keyed on acceleraticn with the genmeral rule ttat
target acceleration less than one meter/second squared was A
defined as slow, acceleraticn greater than two meters

2

sseccrd squared was defined as fast and acceleraticr Lketween
these twc values was defined as medium. The time frames for
€ach range of motion are in Table IX while Figures 2.17

through 2.2C show these sections visually.

Using this secticning the A, A*2 logistiz model was
applied to each gunner for each section at each range with
the results shown at Tatle X . The first column in this
table indicates the three sectioned models for each rance.
Reading acrcss for tke slow model at 1000 meters fc¢r Gunbper
1 the secord column indicates that the constant term had
significant effect with a coefficient value of 1.46 as

53
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computed ky the regression. 7The third column iniicates ttiat
the A term had no significant effect for this model. The
fourth <c¢cluan indicates that the A*2 term also had no
significant effect fcr this mcdel. The £ifth column lateled
F ipdicates that the F-significamce(1-alpha) for this model

TABLE IX
Sectioning of Target Acceleration
MOTICN DEPINITION AT TIME
1%:5 (geconds) Slow Moderate Fait
3 - 1€ . X
19 - 35 |
3 - €0 b 4
60 - €6 x
6€ - 100 p'e
; 10C¢ - 112 X
11z - 138 1
13€ - 162 b 4 |
1€z - 170 X
17C - 183 x
183 - 212 x

is .2¢ . The sixth cclumn is the R*2 value for this =cdel
and the last <colusr indicates the opumber of ckserva-
tions (shcts) falling in the slcw range of target amctica.
The secticped models are for the most part not sigrificant
as predictors. Must cf the coefficients are not significant
and whkere ttey are tie variability explained Ly t he zcdel is
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to the dependent andsor carrier variables or some type of
Fattern in most cases. The two exceptions to this rule are
the fast #cdels for both gunners at 1000 neters. These
models show high levels of =significance with non-zerc coef-
ficierts ard high F~sgquare values. They additiorally

\ display jatternless residuals. Figure 2.21 and 2.22 skew
l the jlotted equatiors for all @models with F-significance
greater than .95 . These sectioned models generally indi-
cate a pnarrcvw rarge ¢f acceleration withir which any chance
cf hit can e exfpected. This range is generally wider for
: deceleraticr but there are exceptions to this rule for
' Gunner 1 shc as with previcus models appears to ke equally
sensitive tc acceleration and deceleration as evidenced by
bis fitted curves being centered at acceleration egual to

Z€ro.

dpalysis of variance data for the total and secticned a,

ET 2*2 pcdels is cortained in Takle XI . The first ccluan in
i : this takle indicates the Guunner, the range and the scurce of
i variaticr. MEAN indicates variation due to the grard umean,

REG. indicates variaticn due tc regressicn, RESD. indicates
- variaticr due to residuals, and TOTAL indicates total varia-
- tion. Columns twoc and three under the heading TCIAI(for
' total wursectioped A, A*2 pcdel) indicate the suaz of
| squares (SS) and mean square (MS) error for each scurce for
€ach zodel. Similar entries under the heading SLOR indicate
, the sum cf squarés and mean square for the slcw secticned A,
) A*2 gcdel. Entries under the heading MEDIUM and FAST are
for the respective sectioned A, A*2 aodel. This data gener-
ally sbcws an increase in mean square residuals witk an
increase in range or an increase in target motion. 1The fast
model fcr Guaner 1 at 1000 meters shows a relatively gced
fit. Ct closer examinaticn however the mean sguare resi-
duals fcr this mcdel are worse than for the total model
indicating a looser fit even though explained variability
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' TABLE X ]
l Sectioned Model - A, A*2 - }
Gurner 1 R
JREge EIA 7 0 lajpha =000 o %2 ks B
I+ S R - S Y. - S
| fast Jes jes .37 1.0 818 14 Vo
2000 S
slcw yes j€s ~.9¢ - 99 .36 17 -
me€d, yes jes yes « 45 -10 14 T
fast yes jes yes .24 - 04 18 e
! 23C0 Y
" slcw yes J€s -.40 .99 .52 16 y
med. yes J€s jes »70 «33 9 S
fast yes jes yes «99 «73 17 S
30C0 B
: slcw -.21 j€s -2.2¢8 .99 .55 15 S]]
: %eo. es yes yes « 54 .40 6 -
) ast -10.12 jes yes -89 .25 18 RS |
“ | a1 o
slcw <34 jes -1.02 .99 .15 65 o
med. es yes yes .65 .06 38 3
fast -8.81 jes yes .02 .00 617 ]
, §anee” frma = 0 (alpn 05 g
ange = a=_. e
| 1360 I Y 1327 R*2 Oks. 0
: es,  jes & & B3 & :
: . es es . . AR
: fast §es -1.83 -1.69 1.0 . 542 20 S
: 2000 SRR
- slgu .g; j€s yes .23 .3% ; s
Illé - bt GS es - - -
| | fast -.40 -%.73 -%.37 «99 .54 19 b
. 2EC0 RS
. :%gu yes J€s yes .gg .g% g Lol
; . - es (€S €s . . IR
' 30¢0 -
! slcu yes j€s jes <71 -1 5 ’ ’
med. es jes jes « 45 <45 5 - =
fast -8.92 yes =556 .89 .23 19 R
ALI -
T TR QUL P B
, ( fast {045 -1%85 g T8 50 %8
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remains kigtk. The fast model for Gunner 2 shows ttke cpjyo-

E§ site in that the sectioned mcdel has smaller wmean sguare
E’ residvals indicating a tighter £it with higher explaired
[ variakility. Of mincr interest is the jump in mean square
Q residual fc¢r Gunper 1 at 2000 meters for the total and fast
: secticn model. This is just one additional departure froa
trend which goes witk this trial. The net results ore draws
from the mcdels mnmust te tuffered with qgualifiers. The

assumpticns for regression are not tested and informal anal-

ysis shows them to be weakly supported in some cases. The
models tend to amplify the differences betweemn gunrers and
this trerd combined with frevious analysis 1is sigrificant
and should rot Lbe igncred. The rersistance of acceleration
squared as a significant explanatory variaktle is anctter
trend which should nct be igncred. This is also sugpcrted
Ly previcus analysis in that trained gunners seem t¢ screen oo
cut this factor whick the @cdels in general show detracts L
frco perfcroance. The final salient point broughbht forth by :
the @models is the ccnspicuous absence of velocity as an
€xplanatcry variable. Here vwhat the models do 1ot say is
important fecause it suggests that the total gumn system
filters cut the effects of velocity. This tr2nd 1is mcre
froncunced at close range and more so for Guanbner 2 than
Gunner 1. The models furtber indicate that for eack gunner
there is scme thkreskcld of acceleration beycnd which hits

cannct le expected. This threshold appears to le less
sensitive tc deceleration. This suggests that gunpers can
anticipate target moticn better when the target is deceler- :
ating ¢r they can track better in this condition or a B
comkination of bcth tiese factcrs. :

6 -

\.\ e

‘-.‘~..

e M

RS

RSRS

RS

R

] "':.""
RN

..-.‘-".‘I..'I'.- . . - - & - . . . . Q. n.

> ® ot . "™ hd - [ . W e et et e MO T R ) «e® et e . . - C T e e " e "e L s - . . N ., .

R R NI R R P A S S PG B eI et Ve e e ~ ERER RN T S T
PR A N -‘:..:l. .n':_-'.'a';-'\i'.‘-"‘-‘..q'..-'\ . "'.-\ . ."-..' ."‘.". " ‘-'.': ..-'_.J'..-" "\)1 G REAGRENE -\-\‘ e " '.:‘ ORI TS S S N e
PR AW PR AP LTI ) IS O RORCS RIS I WA S S S S ERCI NI (S




a
—
-t
N
-
“~
.

.

N e aom ane ponl

-

b '
P
. Q0 un M= wnawmM O™
tNUY Q0 NN 1V.] W NN N [ £ 4 [TRE- J53) ~eu) ANTIVY
t v~ o~ Tron 1~ yre Qo ¢ v 0 N ower NONO MO [andaa B> 4 (T3] '
, Ul HE WU e N~ ™~ = 5 . (o I o - - - KN
= u N 7,
: N < - nn ™ '
A ") Iy DN T MOYOW ONTF = Ye=(N OWMNOO Vieg \OOOND NUWNIO NO™PO NIND OM2D
. N 2] NESFON SO0 ™ ONOW [~ «NM M~ o~ U} s —N@MO OO Oy FNOM;
3 (AT M AN NG =OrM = o0 - O™ N =M =N =™ MoN® e
Lo —~ - ~ ™Mz M N Mo Q Lol - N N MO S
' n e o] ...
' (-] o] (o] -~
. Q E 4 mo-r = e
- = [so1Talad " 00 MANOY [ToiVala ) ~r~® ONNO oM~ Mo Mmoo Lo+ o E- 4 e
. nn o e ¥ 24 Mo "o S T 0N O N AN M2 VoTodo' )y
. - ™ D5 . - LI Y - NolTalls]) [ 122} »] LI} L) o7
5 ¥ o H an v
: =] 2 0 o A
: o] o M m 20O om -0 © .
= RE IR 121 I J o ] O™ MMM DONM LI o3~ 4 LPRIVNSONY N™ON PO M=PO ~ANNO v
. (1] + ) v e O NOOUOD "8 0 0 * e 8 MANOWN QI o v 8 o 1EW ¢ MNOYDY YOO OANOVWO -~
2 53 P NN NN M) TN e e Q - N2 v teew M (] Llaa IV ......
- Q (] s
' (o L] n L
<~ K
@ ML ™M NN . Aoy ~om™ .~.
= —unN ™~ unro WO [TalTalls} ~reNy QoOoOwm [e]ele] =y ~—0 ™~ -
- Q n 00 ¢ Mmoo NO ™ zOM "wNQ n QO » [oTaTe) o000 -Om N~ 0 ‘b
m n = ¢ N [ Y [ ] e 0 0 N ¢ o  »] v o\ ) ¢ o0 [ L r..;
- = = e d
. 0y Q o ......L
L [T} = St ONMNAY YU OO AN M 1 0 Eh
. =] iy MMM 5 e e 9 s 0 8 0 v o9 v oMy nNUl QOO N =~ MreOr =¥ ~ MUOONN C P
Q nMow Lt - m F NN nIoY ¢ N MOOM OOO0O (29 Lol ] . o ......L
-~y " et - v e t et ™ 2 v N LS
3 - ey
b (V] W .....
® w L ®ee 0 N o ~mo S Mo~ o
f wn = o~y FON Lol o o v *O MO = n Or ., W e oo N W v <l
3 N n W N ™~ ¢ ® e \Ore0 N e~ O MmN e alntes] Mo NOO v&
| [} [T F - B e ToX N uUNo - 0 —un NN - - (N o
] vl L 4 Vig4 ..L
1 o [ ) o Y
b -~ O WM N O™ ~HHUMONN INNDD OO0 MM OMe Dy e
Q P HONNOIN OO OO e O O™y Q V] oM IO MO OV O™ B
, = s ] VITMUNTT (NP STWUNS O™ ) YONOMTIU) Lo NN WSO QUMM WMWU ey i@u)
L L Qv IV W WTUNT) Y e SR O N O L (N NN ......_.
3 - o Lndi =) = (=] X
. -y © - =y © M
—Sw o) "y ol =1 -1 wy W Q [I%] [ | " [I= 1] (1] o)
£ O AOWRE AMOZT +QIMOZ 1 MOR +1el Z I8 G OOHZ 1QMOR 1Oz + QMO e T o(3eg Y
3 + ORMUUITIQ O UIHOQOUIO QU4 UV SO R UV IV O Y VI QO s D V) - F B U U A ._4
] U 0O Qi QO I B QU i i) QO I M Qe I I IO D U O 415 QO B 11 QU 14124 15 QO I B4 O i 1 I I O ",
: HOTNIEGHNE GG D OINEH MR ARt B @ e (Ot e U 3 0 4 0N 33 0 0 0N 33 00 0 &40 33 0 0 4 oo 2T 05 06 64 ....-..._
3 S
b .....n-
v}

-
~




....... o
............

III. CCECLUSICNS AND RECOMMENDATIONS -

A pain thrust of this analysis was to characterize the
target acticn in the neighkcrhcoed of trigger pull. The

experimert was not c¢cnducted with this specific [purpcse in
aind. It was, on tie¢ contrary suygested as an interesting o
guesticn tc be considered after review of the results in
their irtended role. Originatcrs of the expariment felt _
that anssering this question wotld provide insight intc the 4.
factcrs that make trained gunners proficient and so it has.
Tte apalysis provides statistical, objective basis icr
the statement that trained gunrers have a selection criteria
and it gces a 1lcng way in clarifying just what they dc and
dc »nct lcck for in terms of target motion as they Gpick t
shots. The analysis characterizes target motion during the I

pericd when gunners formulate the decision to shcct and
indicates that they generally 1look for a rpattern of
increasirg followed ty decreasing acceleration with deceler-
ation, c¢r acceleraticn approaching zero being the rrefered
Faraszeter values just prior tc trigger pull. Velocity dces
not afrear to be a significant determinant of when gunners
shoot «excert that +they elect not to shoot as cfter as

expected (assuming random selection) at very high or very low
values cf velocity or more apgropriately extremes cf the el
range of velocity they okserve. This was intuvitively 'f‘a
expected since the faster a target moves the harder it is to - - 9
hit, cenerally speaking. :

These general guidelines vary between the twc gunners
examined suggesting tkat hard and fast rules may nct prcduce
the rest cverall results among many different gunners. In
general Gunrer 1 has 8 more stringent criteria for prefered
target gcticn yet he fires azcre often suggesting he dces not
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track as 1lcng on average tc f[pick a shot. Int uitively he
appears tc anticipate the targets motion and amtush the
target within his rrefered ranye of motion. If the general
goals c¢f the two gunners are€ the same then Gunner 1 achieves
the ¢gcal of shooting during deceleration hetter than Guaner
< with slighbtly tetter hit performance kteing the result. It
does agpear however that bcth gunners seek 1icceleration
apprcaching zero and in this resfpect Gunner 2 does slightly
tetter. 1The technigues are different and what works fcr cne
gunner gmigkt nct wcrk for ancther. In any event the
achieved results are very close and either emphasis or
comkiraticn thereof szight work well for any given gurner.

Ir an attempt tc better quantify these findirgs bit
performance was sodeled in termss of target motiom using the
lcgistic regression. This exersize proved most significant
in what it did not show. For the &@many models examined
target velocity was found to bave no significant effect at
ranges ur tc 1000 meters and inconsistent effect, nc effect
cr siriral effect at longer ranges. Contrasting this the
rodels demcnstrate ttat acceleration has significant and
consistert effect on hit performance at all ranges. Ibhis
would suggest that the trained gunners' selection criteria
is tasically sound and that the gun system, the gunmer, or
koth effectively filter out the effects of velocity on hit
performance, particularly at cloase range;

These results suggest that training procedures which
develc) the gunners® ability tc discriminate target acceler-
ation wculd imprcve hit performance. Among the sost simple
frocedures sould be to teach gunners to look for head ca,
tail cpn, or obligue crossing target silhouettes as cpposed
to a fperrendicular crossing target silhouette. Since
trained cunpers were able to pick out these tyres cf mction
without kenefit of a target silhouette in the experiment it
is prclakle that simulators could be designed to mimic gcod
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and tad types of tarcet moticn thereby buildiny ard rein-
forcing goccd shot selection habits in other gunners. The
simulator used in the experiment wmight even be suitakle fcr
this purpcse other ccrstraints not withstandirng.
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AREEBLIZX A =
COMPUTER EROGRAAS —
The 2AFl function ‘'IN* takes a small vector of times at K
trigger full and locates their position in a wmuch larger . ti;
vector of tinme. Tte result is a vector of zecos and ores e
equal ipn length to tke large vector with ones indicating the
Fositicr cf a time from the saall vector in the large
vectcIa T1ke small vector must ke ordered. Both vectcrs
gust have all entries significaat to the same decimal place. T
eIngAl L
© RCA IN B}STOP;COUNT;COUNTZ;TEMPjHOLD S
[1]1 aA 1S THE VECTOR OF TIMES AT TRIGGER PULL R
£21 aA MUST RE ORDERED FROM LOW TO HIGH C
[3] aF IS THE TOTAL TIME VECTOR i
£4] STOFepA =
[S] COUHT+D -
€61 COUHTR+1 el
£71 HOLD& (14R) =B o
[8] COUNTHCOUNT4+] T
N

£93 COUNTRCOUNT2+1
£10] TEMPL(COUNT{(COUNT4A))=B
£11]1 MHNOLDEHOLD4ITEMP
[12] +5x\COUNT(STOP
{131 ReHOLD
v

£141 . '
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Tbe AFI function *'DECISICN' takes a small vectcr of
times at trigger pull and computes the average velocity and
accele¢ration during the period .18 to .22 seconds pricr to
€each tize. Times 1ust be crdered. The overall tisge, ﬁ;
velocity, and acceleration vectors must be in the wcrksgace
as nust the function ‘'IN‘. fﬂ

eDECISIONL(]
9 ReDECISION X
£1]1 AX IS THE TIME OF TRIGGER PULLS A |-DIMENSIONAL VECTOK,
ATHIS FUNCTION COMPUTES THE AVERAGE VELOCITY AMD ACCELERATIO

‘

Ty
A

T
r
(W]

’
b

£3] AT TRIGGER FULL MINUS ,18 SEC TO TRIGGER PULL MIMUS ,L22 SE
C4] ATHESE AVERAGES ARE USED TO REPRESENT VELOCITY AND ACCELERAT

[S]1 AaAT TIME OF DECISION TO FULL THE TRIGGER,
C6] AMHOTE X MUST BE XeX[4X] OR ORDER TIMES FROM LOW TO HIGH

£71 Te(X-0.18)

8l TSELET IH TIME =
[91 AUSE NEXT LIME WHEM DOMAIN ERFOR OCCURS DUE TO OVERLAP ST
C10]) ATSELE(TSELLY) .
[11] AMOTE FUNCTIOM 'IM' MUST RE PRESENT IN THE SAME WS
C12]1 VeVie(TSEL/VEL) .

[13] AQ¢A1e(TSEL/HACEL)

141 1Ie} -
[15] LOOP;TEMPVe ((I@TSEL)/VEL) e
[16] TEMPAe((IMTSEL)/NACEL) o
[171 V& (V+TENPY) R
£18] Re(A+TEMFA) S
C171 Telsy -
£201 L0OPX1(L(4) m
[21]1 Ve(Vv=:S)

221 Re(A=5) RN
[23] aY AND A ARE THE AVERAGE VELOCITT AND ACCELERATION S
[24] aAFROM TP(TRIGGER PULL)-,22 TO TP -,18 e
C25] Re'REASSIGN V AND A "
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Tbe AFL function *SAMPLE' takes a small vect or cf tines
at trigger full and ccaputes tbe averaje velocity acd accel-
€ratica during any balf seccnd iaterval specified. Tizes

must te crdered. Tk¢ overall time, velocity, and accelera- -

tion vectors must be in the vorkspace as must the furction -

YING. <
P vSAMPLE[Q)

9 ReH SAMPLE X
1] A ¥ IS THE TIME PRIOR TO TP THAT STARTS SAMFLE WINDOW
: [2] A IF N = ,2 THE AVERAGES RETURMED WILL BE FOR THE FERIOD
. {31 aTP - ,2(DECISIOM POINT) TO TP -,7 OR ONE SAMPLE FERIOD
k- {4] AFRIOR TO THE TIME OF DECISION TO PULL

[S] aX IS THE VECTOKR OF TIMES AT TRIGGER FULL - THIS VECTOR
[4] AMUST BRE ORDERED FROM L.OW TO HIGH

e £71 Te(H=M) N

- £81 TSELeT IN TIME e

- 9] ANOTE FUMCTION 'IN'MUST BE FRESENT IN WS -
C10] VeV1e(TSEL/VEL) R
[11] ReAie¢(TSEL/MACEL) . PRt
£12]1 Tey -

131 LOOF{TEMPV¢((I9TSEL) /VEL)
£L14] TEMPA«((19TSEL)/HACEL)
C1S] Ve&(V+TEMFY)

[16] Qe{A+TEMFA)

[17] Tele+g
£18] LOOPX1(1£49) e
1921 Vev250 -~

201 Aer:z50

[21] aY AMND A ARE THE AVEFAGE VELOCITY AMD ACCELERATION

; [22] AFROM TP(TRIGGER FULL)=N TO TF —(NHs+,5) e
a [23] Re‘REASSIGN V AND A1 T
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- 1he fprcgram ‘EICTEROB* computes the number cf data

points in a cell apd the p[prcpcrtion of data points in a

cell. 1he cell boundries are specified by the user in the

vectors ACE1L and VCElL. The overall time, velocity, and ;i;
acceleraticn vectors gust be in the vorksgace.

YrLOTPROBRLQ]

9 ReV FLOTPFROR A
[1] aCOMFUTES THE NUMBER OF DATA POINTS IN A CELL AND THE
23 APROQPORTION OF DATA FOINTS IN A CELL
€31 AUSER DEFINES ACELL AND VCELL WHICH ARE THE CELL BROUNDRIES
C4] ARCELL AND VCELL MUST RE TO THE 3D DECIMAL (DATA S TO 2D DE
cImMaL ) L
£s1 CTOTe¢\0
[6] ALe L 4QACELL DR
[71 ARe1p1ACELL T
£81] ATOTe+AL \;:g
[?1 I¢0 . Ul
£10] LOOF23U¢0Q .
11 Viel4VCELL
[12) VRe1414VCELL
[13] VTOTevVL
{141 ARTOT¢ATOT,AR
[15] LOOFPICIJe+/(((VIVLIA(VLIVR))A((ARIAL)A(RIAR)))
[14] CTOT¢CTOT,CIJ
C17]1 JeJdsl
[18] VLeVE
[19] VTO3TevTOT, VL
[20] VFRe14(J+1)$VCELL
£211 FLOOF X | (J(((PVYCELL)=~1))
221 T¢I}
[23] ALeAR
(241 AFRe¢14(I+1)JACELL
[25] 2LOOP2x1(X(((FACELL)-1))
[26] HDAT @(((((PRCELL)=-1)y((PVCELL)=-1))pCTOT))
[27) PFPSELeNDAT:(4+/,MNDAT)
£283 Rle'NDAT IS NUMBER OF DATA FOINTS IN A CELL '
C29] ER2¢'PSEL = FPROFORTION OF DATA FOINTS IMN A CELL'
£301 Re¢ 2 42 p(R1,R2)

9
€311 .
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